Abstract: Advances in Wavelength Division Multiplexing (WDM) are rapidly increasing the amount of available fiber optic bandwidth. The performance of 8 channel wavelength division multiplexing (WDM) system with and without Erbium Doped Fiber Amplifier (EDFA) was analyzed. The system is designed and simulated using OptSim software to achieve the performance analysis of the system. We analyzed Bit Error Rate (BER) variation with bit rate, fiber length, multiplication factor. Besides the variation of the output power of the system with fiber length at different EDFA gain was also studied. Also the output power was measured by varying the pump power for different fiber length at constant input power of -26dbm. The investigation is based on detailed simulative analysis.
Introduction
The implementation of WDM networks requires a variety of passive and active devices to combine, distribute, isolate, and amplify optical power at different wave lengths. Wavelength division multiplexing has several advantages like transparency, scalable, low cost etc. Optical signals undergo absorption and scattering as they propagate along fibers. In addition, elaborate network topologies require splitting signal power. To counter signal loss, three major technologies have been proposed that provide signal amplification: Raman fiber amplifiers (RFA) Semiconductor laser amplifiers (SLA) and rare earth doped fiber amplifiers. The development of erbium doped fiber amplifiers (EDFA) within the latter technology group started in the mid 1980s [1] [2] [3] . The development of EDFAs has been an important catalyst to the growth of fiber communications and WDM and EDFAs are now common components of light wave systems. OptSim is an advanced optical communication system simulation package designed by RSOFT Inc. for professional engineering and cutting-edge research of WDM, DWDM, TDM and other applications 4, 5 .
In the present investigation, modeling and simulation of WDM system configurations with and without erbium doped fiber amplifier (EDFA) were studied. The simulation was employed using OptSim software. The results obtained in each case are compared.
Experimental
The PRBS module generates binary bit sequences at a desired data rate. These bit streams were applied to electrical generators in which we have the freedom to select a particular modulation format. In electrical generators different codes are used such as non-return-to-zero (NRZ), return-to-zero (RZ), Optical Manchester. In NRZ codes a transmitted data bit occupies afull bit period. For RZ formats the †Presented to the National Seminar on Optics and Optoelectronic Devices at Catholicate College, Kerala, India pulse width is less than a full bit period .For optical Manchester there is a transition at the centre of each bit interval. The output from each electrical generator is applied to a direct modulation laser, DM laser1 toDM laser 8.The green line shown in the Figure 1 represented logical signal or binary bit sequences. The red line is for optical signals whereas blue line for electrical signals.
The modulated output from direct modulated lasers is applied as input to an optical multiplexer. Optical multiplexer 1(OP MUX 1) combines all the 8 optical inputs and the multiplexed signal is applied to nonlinear fiber. The multiplexed signal which is given as input to the non-fiber will be propagated through larger distances and the signal is demultiplexed by optical demultiplexer (OPD MUX1). All the 8 demultiplexed signals are fed to APD based receivers 1 to 8. The outputs obtained from the 8 receivers are connected to eye diagram analyzers and bit error rate testers. In WDM system with EDFA the signal passes through all components but the multiplexed signal from the optical fiber is applied to EDFA at receiving end and it is amplified and passed through the demultiplexer. 
Results and Discussion

Variation of bit error rate with bit rate
The variation of bit error rate with bit rate was studied using BER Tester. The bit rate is varied from 10 E9 -15e9 for NRZ coding format, 8E9-15E9 for RZ coding format and 4E9-9E9 for Manchester coding format. The results obtained are plotted in Figures 2 and 3 . Due to the presence of EDFA in WDM network bit rate is found to be increased when compared with WDM system without EDFA. It may be due to the pulse broadening effects as a result of the group velocity dispersion at high Bit Rate. In the presence of EDFA, it can be seen that the optical power is amplified by EDFA to a higher level 6, 7 .
Variation of bit error rate with fiber length
The variation of bit error rate with length of fiber is studied using BER Tester. The length of the fiber is varied from 300m-650m in without EDFA and5000m-75000mwith EDFA for Manchester.
It is found that the required standard Bit Error Rate (BER) of 10 -9 is obtained at a fiberlength of 600 m in the case of Manchester coding format.With the addition of erbium doped fiber amplifier it is to be noted that propagation distance increases compared to WDM network without EDFA. For example the maximum propagation distances for Manchesteris 600 m for WDM system without EDFA and75000 m for with EDFA respectively 8 . 
Variation of bit error rate with multiplication factor
It can be noticed that the minimum standard Bit Error Rate achieved at a lower value of bit rate and setting a limitation. It means that when M is increased the APD multiplies the signal (primary photoelectrons) and also the noise components. The required standard Bit Error Rate of 10 -9 is obtained at a Bit Rate of .94E9 bps for M=3 and 3E9 bps for M=4. In the presence of EDFA it can be seen that the optical power is amplified by EDFA to a higher level and it may cause non-linear effects. Because of the high energy density in the fiber, the non-linear optical effect will create adverse effects in WDM systems. As the result BER is increasing faster compared with earlier cases [9] [10] [11] . 
Conclusion
In the present investigations, the characteristics of the optical communication system are studied in the presence and absence of Erbium Doped Fiber Amplifier. It is found that the Bit Error Rate is increasing with respect to Bit Rate in the Manchester coding format. As the fiber length increases attenuation of the optical pulses also increases. And therefore a binary one will detected as a binary zero at the receiver. Therefore the number of bit errors will increase and bit error rate (BER) will increases as shown in the diagrams. It is found that the required standard Bit Error Rate (BER) of 10 -9
is obtained at a fiber length of 600m in the case of Manchester coding format.It can be noticed that the minimum standard Bit Error Rate achieved at a lower value of bit rate and setting a limitation. Due to the presence of EDFA in WDM network Bit Rate is found to be increased when compared with WDM system without EDFA. In the presence of EDFA, it can be seen that the optical power is amplified by EDFA to a higher level.With the addition of erbium doped fiber amplifier it is to be noted that propagation distance increases compared to WDM network without EDFA.In the case of M=4, in the presence of EDFA it can be seen that the optical power is amplified by EDFA to a higher level and it may cause non-linear effects. Because of the high energy density in the fiber, the non-linear optical effect will create adverse effects in WDM systems. As the result BER is increasing faster compared with earlier cases.
